SUMMARY Sixty-five patients undergoing cardiac valve replacement were followed for one year by electroencephalography (EEG). Occurrence 
The risk of cerebral disorders arising during open-heart surgery has been established in a number of clinical and experimental studies. [1] [2] [3] [4] Extracorporeal circulation may expose the central nervous system (CNS) to disturbances in blood flow,5 and metabolic changes probably due to decreased oxygen availability have been reported.5 6 However, the causes of cerebral complications still are controversial and a single determinant can rarely be identified.7-9 Despite technical improvements, cerebral disorders continue to occur'0-12 suggesting a need to obtain more objective and detailed information of the methods used for examination of the CNS. It is evident that clinical investigation usually reveals only the most severe complications; therefore more accurate indicators of brain damage are required.
The electroencephalogram (EEG) is useful for monitoring cerebral circulation during operation.'3 14 Development of the cerebral function monitor (CFM), 15 16 has made it possible to detect untoward events, but the CFM has not gained unreserved acceptance because it is costly and offers only a rough estimate of the quantitative EEG. Although more sensitive methods for EEG-monitoring during surgery have been proposed, '7 conventional EEG recorded before and after operation remains the most practical tool for evaluation of the CNS effects of surgery.
The present study was undertaken to assess the clinical correlates and the prognostic value of the conventional EEG in open-heart surgery.
secutive patients undergoing cardiac valve replacement surgery were investigated. There were 22 women and 43 men aged from 15 to 65 years, the mean age being 43-0 + 10-4 years.
Aortic valve replacement was done in 44 cases, mitral in 16 cases and both of the valves were repaired in five cases. The prostheses were of the Bjork-Shiley type. All the patients were operated upon with moderate hypothermia (oesophageal temperature 30-32°C). A Rygg-Kyvsgard bubble oxygenator was used and extracorporeal circulation was carried out with moderate haemodilution and non-pulsatile flow. The patients were divided into two groups according to the clinical findings at the first follow up: Group NC (no cerebral complications, N=33) and Group CC (cerebral complications present, N=28). The groups were similar for age, sex and the main cardiological diagnoses. Design of the study The protocol of the study is presented in fig 1. Every patient underwent two preoperative (coded PRE-OP) neurological and EEG investigations on the fifth and second day before operation. The investigations were repeated five times (10 days, two months, five months, eight months and one year after operation) during the follow-up period of one year. The examinations after operation are coded using the ordinal of the investigation (from I to V) together with the abbreviation FU (follow-up): For example the first postoperative EEG is coded I FU EEG. Neurological evaluation A full neurological investigation was performed immediately before or after the EEG recordings. Signs present before operation were not listed as new findings after operation. EEG The EEGs were recorded using a 16-chan- The BEG interpretation was carried out using conventional methods of evaluation.19-21 The classification of normality was done using the following gradation: (1) normal; (2) slightly abnormal: dominant activity within normal ranges (or slowing not more than 1 c/s when compared with a previous recording of the same individual during the followup period), short episodes of theta or delta activity seen in some few occasions: (3) moderately abnormal: slow dominant activity (<8 c/s) or slowing with >1 c/s in the same individual; presence of intermittent delta episodes: (4) severely abnormal: no alpha activity, abundant or continuous delta activity.
The mean value of the two recordings before operation was considered as the basic preoperative state (PRE-OP EEG) with which the EEGs after operation were compared. The two recordings before operation were found to differ from each other in only four cases: in these cases classification was done according to the more abnormal of the recordings. The frequency of the dominant activity was counted manually, and the mean value of at least four representative activity periods was used.
Student Table 3 shows the follow-up of the incidence of abnormalities in the hemispheres. The left side was affected more often than the right before operation, but impairment after operation involved both hemispheres equally. No interhemispheric differences were seen in the later course of the NC cases, but in the CC group the left hemisphere recovered more slowly than the right hemisphere. EEG and clinical correlates Table 4 shows the 10-4+1 9 9-8±1-5 Figure 3 presents the follow-up of the incidence of normal and abnormal EEG in relation to the presence or absence of clinical signs of CNS involvement. Before operation all four patients displaying cerebral signs also had EEG disturbances. At the first follow-up 10 days after operation) 27 Open-heart operations are high-risk procedures and any measure before operation that might indicate a particularly strong liability to brain damage might be of value in selecting patients. Predictive information would be of special importance to those working without the aid of EEG monitoring during surgery which is useful as a warning of impending disaster.14 16) 1 Unfortunately, clinical and EEG assessments prior to operation generally have failed to predict the after surgery course13 22 although some prognostic information seems to be provided from neuropsychological studies. 2' 24 In the present investigation, non-complicated and complicated patient groups displayed some EEG differences before operation which were found to have prognostic importance. Preonerative occurrence of bilateral and continuous abnormalities, low frequency of dominant activity, delta range disturbances and sharp wave abnormalities seemed to be associated with clinical complications after operation. By using these preoperative EEG criteria cerebral complications could be predicted in 70% of the cases displaying these phenomena, but in only 22% of the whole sample. The present results lead us to conclude, like Lorenz and Hehrlein25 that the EEG before surgery mainly indicates the severity of the heart disease producing inadequate cerebral blood flow. However, the fact that it was possible to find at least some criteria with prognostic significance shows that certain EEG disturbances and susceptibility to clinical disorders are inter-related. All the patients in this sample either had normal or only slightly abnormal EEGs before operation and a more reliable predictive measure might be related to disturbed cerebral circulation and metabolism.
EEG surveillance during operations was not included in the present study but 17 of these patients underwent intraoperative quantitative EEG monitoring.26 Five of these patients displayed postoperative clinical signs which were predicted in four cases from the monitored EEG, in agreement with previous reports of the predictive value of EEG information during surgery."1 14 16 The first EEG after operation was 10 days after surgery, by which time slight disturbances may have disappeared. The main aim of this study was to investigate long-term EEG and clinical outcomes and their correlations, so the first postoperative recording was at a time when the patients were able to carry out normal daily activities, when even slight clinical disorders would be recognisable. Also it has been reported that EEG abnormalities are not necessarily at their greatest during the very early postoperative period, but may become more pronounced several days later. 27 Neurological symptoms after operation are frequent. Although a frequency below 10% has been reported,28 the present incidence (48%) is to other earlier results suggesting an incidence between 30% and 53%.1-3 The strictness of the clinical criteria seems to be one of the major variables in the incidence reported.9 12 The EEG findings after operation agreed well with clinical signs when marked EEG deterioration occurred, as has been reported earlier. The possible special characteristics of the hemispheres, for instance in responding to unusual conditions such as prolonged extracorporeal circulation, have not been investigated.
A considerable ability to recovery, even after longlasting impairment up to 10 days after surgery, seems to be strikingly characteristic of tlhe EEGs of cardiac valvular surgery patients; this confirms previous findings.33 Encouragingly, the potential disadvantages of both cardiac valve disease and surgery, that is the negative consequences of prolonged circulatory inadequacy and even occasional operative cerebral damage, seem to be outweighed by the overall benefits and longterm outcome.
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